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Abstract: With the development of science and technology, more extensive use of electromagnetic
spectrum will make radar environment become more and more complex. So radar should develop
towards intelligent direction and clutter modeling needs to be more accurate. In this paper, based on
SIRP principle, we research on mathematical model for K distribution clutter. Simulation results
show the validity of our method. Finally, the whole paper is summarized.

Introduction

Radar echo generally contains two parts: useful radar target echo and radar clutter. The existence of
clutter has great influences on the detection of radar target. With the development of space
technology and continuous exploration of outer space, more extensive use of electromagnetic
spectrum and high speed of target will make electromagnetic environment become more and more
complex. The influence of clutter can not be ignored. In 2006, Simon Haykin firstly proposes the
concept of intelligent radar, which is called cognitive radar and may adaptively and intelligently
interrogate a propagation channel using all available knowledge[1].

Much work has been done in the related field. In [2], using curved wave spectral estimation that
yields reliable results for any refractivity profile is suggested, in contrast to plane wave spectral
estimation. In [3], the authors study the challenging problem of detecting a low radar cross-section
target in heavy sea clutter by proposing a physics-based sea clutter generation model. In [4], the
authors present a statistically non-Gaussian, spacetime clutter model in varying bistatic geometrical
scenarios to validate the potential space-time adaptive processing algorithms for airborne bistatic
radar clutter suppression. In [5], a new empirical model for sea clutter reflectivity at low grazing
angles is developed. In [6], a sample of results from a statistical and spectral analysis of a set of sea
spikes selected from the radar returns is shown. In [7], the authors propose a clutter model for such
scanning radar applications taking the effect of scanning on clutter correlation into consideration.

In this paper, we mainly research on mathematical model for K distribution clutter based on
SIRP principle.

SIRP Principle Description

In fact, clutter simulation is to generate a series of correlation random sequences which obey certain
probability density distribution in amplitude. The basic thought of SIRP method is to generate a
correlation Gaussian random process, and then use the random sequence which has the required
probability density function for modulation. This method is allowed to independently control the
edge of the clutter probability density function and autocorrelation function, and it can be used to
generate coherent non-Gaussian correlated radar clutter. The block diagram of SIRP is shown in Fig.
1.
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Fig. 1 Process of generating random signal by SIRP
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Complex envelope is x(k)=y(k)s(k), among them vy(k) is zero mean multiple correlation
Gaussian sequence, s(k) and y(k) are both stationary sequences that are independent with each
other, the solution correlation time of s(k) is far longer than y(k). The characteristics of the
model is that it can independently control the amplitude distribution and correlation characteristics
of x(k). The pdf of amplitude envelope A(k):s(k)|y(k)| of the complex sequence x(k) is

QW) = [} oo P 7o) O ®
It can be seen from the formula that amplitude distribution can be only determined by marginal
distribution f (s) of the modulation processs(k) .
The complex autocorrelation function of x(k) can be expressed as
r, (n,m) =r, (m)r,(n,m) 2)
As s(k) has a very long correlation time, r, (m)~1, the generated autocorrelation function of
sequence x(Kk) is equal to the autocorrelation function of complex correlation Gaussian sequence.
We should take notice of that not all the amplitude distribution can be generated in this way. For
a process x(k) that has the amplitude of distribution f,(u,k), we need a marginal distribution

f(s), s>0. SIRP model can be considered as the degradation of external model.

2

Mathematical Model for K Distribution

K distribution is applicable to describe the heterogeneous clutter of high resolution radar. K
distribution can be expressed by a Rayleigh distribution which has a slowly changing mean, and the
slowly changing mean obey I distribution. The probability density function of K distribution is
2
f(X)=———(=)"'K, (= x>0,v>-1a>0 3
()aF( 1)(2) () ( ) ©)
In the formula above, v is the shape parameter and a is the scale parameter. The relationship

between v and a can be expressed as
2
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For most of the clutter, the range of the value of shape parameter is 0<v <, for the v that
has smaller values, for example v — 0.1, the clutter has a long tail, when v — oo the distribution

is close to Rayleigh distribution. Fig. 2 is the block diagram of generating K distribution clutter.
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Fig. 2 Generation of K distribution clutter
In Fig. 2, w,(k) is a complex Gaussian white noise, w, (k) is a real Gaussian noise which is

independent to w, (k). For K distribution, which obeys the generalized y distribution, the
probability density function of the distribution is defined as follows
V. 2v-1
F(x) = 2V'X
r'(v)
After designing filter H,(z) and H,(z), we can obtain K distribution clutter.

exp(-vx?), x>0 (5)
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Simulations

In this section, we will compare the generated clutter with the theoretical value. Simulation
conditions for K distribution are as follows. The number of radar echo frames is 2000. Pulse
repetition frequency is 1000. Wavelength is 0.05. Root mean square value is 1.0. Simulation results
are in Fig. 3 and Fig. 4.
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Fig. 3 Real and imaginary part of time domain waveform
Fig. 3 is real and imaginary part of time domain waveform. Fig. 4 is comparision between
estimated value and theoretical value. It shows that whether the distribution of clutter amplitude, or
the clutter spectrum, the estimated value approaches very near to the theoretical value. The error is
mainly because the required Gaussian white noise that has zero mean unit power can not be
obtained accurately. The simulation results show that the proposed method is valid.
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Fig. 4 Comparision between estimated value and theoretical value

Conclusions

How to model and analyze clutter is very important in the research field of radar. Especially with
the development of space technology, electromagnetic environment is becoming more and more
complex. So radar is developed towards intelligent direction and clutter modeling needs to be more
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accurate. In this paper, we mainly research on mathematical model for K distribution clutter based
on SIRP principle. Simulation results prove the validity of our method.
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